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Results

The Effects of De-glycosylation on Collagen

The extra cellular matrix (ECM) aids in communication,
interaction of cells to each other and the surrounding
environment and it is essential in the development and
progression of lung cancer. Collagen is one of the most
abundant proteins found within the ECM. The role of Collagen is
to act as a bridge for cell-cell interactions, adhesion,
communication, migration of cells and it is responsible for
increased ECM stiffness and strength (6). In cancers, increased
levels of collagen chemical cross links increase ECM stiffness
and strength allowing for tumors to metasize. In addition to
these chemical cross links, collagen undergoes specific post
translational modifications (PTM). One enzyme that PTM
collagen is Galactosylhydroxylysyl Glucosyltransferase (GGT)
(2). GGT is involved in the glycosylation of collagen through
placing a galactose or galactose & glucose onto a lysine residue
(2). It is speculation that GGT levels could potentially be a
variable in cancer research as it is currently thought to increase
lung adenocarcinoma progression, adhesion and metastasis (3).
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Figure 3 │Collagen deglycosylation
decreased cells adhesion
A, The GGG-DHLNL in normal tissue and tumor
tissue. Tumor cells have a higher amount (per mole)
of glycosylated collagen than normal cells. B, In
Vivo experimental graphs. When 344SQ, 344P and
531LN2 cells are treated with PGGHG, cells
adhesion decreases. PGGHG deglycosylated
collagen. All cell lines are control cells and there are
no cells that are treated to upregulate ,downregulate
or knock out targeted proteins. This Graph was
made by Dr.Shike Wang of the Kurie Lab, Used pvalues and 2-tailed t-test.

Figure 4 │ deglycosylation reaction verification
A, When collagen 4 is treated with 0.02mg/mL and
0.04mg/mL of PGGHG glucose levels rose than with the
untreated collagen 4. Used a High Glucose Assay to
calculate concentrations. B. Western Blot with untreated
Collagen 4 cells and treated PGGHG collagen 4 cells. Used
Bio-Rad imaging machine.

Western Blots of DDR1, DDR2 and Integrin Beta Knocked Down Cells Collagen Adhesion using Knock Down DDR1 , DDR2 and Integrin beta receptors
A) 344SQ Collagen 4 Adhesion B) 344SQ Collagen 4 Adhesion C) 344SQ Collagen 4 Adhesion D) 344SQ Collagen 4 Adhesion

B)

In this study we tried to better understand what receptor (DDR1,
DDR2 or Integrin Beta), if any, could possibly be dependent on
GGT and glycosylated collagen for cell adhesion and
metastasis.
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B, In the viral packing process, 344SQ
cells were treated with shRNA (control,
95,96,97) to knock down DDR2. DDR2
was effectively knocked down in sh95
and sh96 cells . Tubulin is used as a
control group to ensure concentrations
of protein samples were equal. DDR2
used a Rabbit primary antibody and a
anti-rabbit secondary anti-body.
Tubulin used a mouse primary antibody and a anti-mouse secondary
antibody. Took image with a Bio-Rad
western blot imager
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Figure 5 │DDR1, DDR2 and Integrin Beta
were knocked down in 344SQ Cells.
A. In the Viral packing process, 344SQ cells
were treated with shRNA to knock down
DDR1 and ITGB. From the graph DDR1 and
ITGB were effectively knock down because
the protein lines are faded/gone. Tubulin is
used as a control group to ensure
concentrations of protein samples were
equal. Took image with a Bio-Rad western
Blot imager. Taken by Dr.Wang of the Kurie
Lab
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There are receptors found in cells that are known to interact and
bind with collagen. One receptor that is known to interact with
collagen and the ECM is the Discoidin Domain Receptor (DDR).
DDRs are transmembrane tyrosine kinases that helps regulate
cell proliferation, migration (5) and can stimulate the expression
of other ECM interacting proteins. For example, one protein
DDRs can stimulate is matrix metalloproteinases (MMP). MMPs
can degrade the ECM (4) and when dysregulated can aid in cell
metastasis. The other receptor we are studying is Integrin beta
(ITGB). Integrins play an important role in cell migration and
adhesion between the ECM and neighboring cells (1, 7). In
some cancers and diseases when Integrins and DDRs are
dysregulated or mutated it can cause increased metastasis and
cell proliferation.

Figure 2 │PLOD2 Mutation decreases cell metastasis through deglycosylation of
collagen.
a, shows the primary tumor sites found inside mice and the general area where the
cancer metasized. b, Graph showing the difference in amount of lung surface nodules
found on the mice. The control group has a significantly higher number of surface
nodules compared to the PLOD 2 mutation cell lines. c, Graph showing the overall
difference in metastasis between the control group and the PLOD 2 mutation cell lines.
There is a significant decrease in lung cancer metastasis when mice were treated with
the PLOD2 mutation. The #253 cell line (**) showed greater significance to the control
group compared to the #279 cell line (*). D, Graph that shows the amount of Primary
surface tumor nodules found on mice.The Primary tumor site is the location where the
mice where injected with the cancer cells. The amount of Primary tumor nodules
decreased when treated with the PLOD2 mutation compared to the control group. e,
This graph shows the difference in metastasis of the primary tumor sites. Metastasis of
the primary tumor site significantly decreased when treated with the PLOD 2 Mutation.
The #279 cell line (**) showed a greater difference to the control group compared to the
#253 cell line (*). Graph was made by Dr.Shike Wang and Hou-Fo Guo of the Kurie Lab.
Used p-values and a 2-tailed t test.
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Introduction

Integrin Beta KD

Figure 6 │ Deglycosylated Collagen 4 has minimal effect on adhesion in DDR1, DDR2 and Integrin Beta Knock Down
344SQ Cells.
A, Adhesion of 344SQ shcontrol cells when collagen 4 is untreated and treated with PGGHG. Used 3 experiments of
shcontrol cells by averaging out each experiment shcontrol values and using all three averages for the graph. There is a high
significance (**) when the control cells are left untreated compared to when they are deglycosylated with PGGHG. From this
graph collagen receptors interacts with glycosylated collagen when the receptors are present. Used p-value and paired 2 tail
t-test. B, adhesion of 344SQ DDR1 knock down cells when collagen 4 is treated with PGGHG. Combined two sets of DDR1
adhesion data. There is no significance in adhesion when DDR1 KD cells are treated with PGGHG. Used p-value and a 2tailed unpaired t-test. C, adhesion of 334SQ DDR2 knockdown cells when collagen 4 was treated with PGGHG. No
significance in adhesion of DDR2 KD cells when collagen was deglycosylated. Used p-value and a 2-tailed unpaired t-test. D,
Adhesion of 344SQ ITGB knock down cells. Used collagen 4 and treated it with PGGHG. There is no significance in
adhesion when ITGB cells were placed in collagen 4 that was PGGHG treated and untreated. Used p-value and a 2-tailed
unpaired t-test.

Conclusion and Future Direction
• Collagen receptors interact with glycosylated collagen ,however, glycosylated collagen does not affect cells adhesion ability
• DDR1, DDR2 and Integrin Beta are not collagen glycosylation dependent.
• There are possibly other variables that could reduce DDR1, DDR2 and Integrin beta’s ability to adhere to collagen
• We will determine other receptors that are collagen glycosylation dependent
• Determine what site/sites glycosylation occurs
• Research how collagen and the receptors (DDRs and Integrins) interact.
• Grasp a better understanding of how DDR1, DDR2 and Integrins work
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